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Abstract 
Mitochondrial cytochrome oxidase I (COI) gene sequencing (DNA barcoding) of Ciona specimens from New Zealand (NZ) led to the first 
record of the solitary ascidian Ciona savignyi in the Southern Hemisphere. We sought to quantify C. savignyi COI genetic diversity around 
the NZ archipelago and to compare this with diversity within C. savignyi’s native range in the north-west Pacific. Ciona savignyi specimens 
were collected from two NZ sites and from three sites around Japan. COI sequences (595 bp) were amplified and measures of genetic 
diversity were calculated. Based on differences between their COI sequences we developed a PCR-based assay to distinguish C. savignyi 
from the morphologically similar C. intestinalis. A total of 12 C. savignyi COI haplotypes were recovered from the 76 samples. Of the four 
haplotypes observed in NZ, two were unique. From the 10 haplotypes observed in the Japan samples, eight were unique. The C. savignyi 
populations in Japan were found to contain higher haplotype diversity when compared with those in NZ. The NZ samples contained only a 
small subset of the haplotype variation of the Japan samples, however, NZ samples did harbor two haplotypes not observed in the Japan 
samples. A PCR-based assay developed from the COI sequences was able to reliably discriminate the two Ciona species. The low COI 
genetic diversity within the two NZ C. savignyi populations sampled is consistent with a founder effect associated loss of genetic diversity. 
The robust PCR-based assay for distinguishing C. savignyi and C. intestinalis may find application in ecological and taxonomic studies and 
can be applied to both archival materials and live animals. 
Key words: cryptic invasion; mitochondrial cytochrome oxidase I (COI); species identification; DNA barcoding; biosecurity; invasive 
species 
 
Introduction 
Population genetic theory predicts that the small 
founding populations associated with many 
introduced species will contain a reduced portion 
of the total genetic variation present in the 
source population (Mayr 1954). Additional 
stochastic losses of genetic diversity (i.e. genetic 
drift; Fisher 1930) are to be anticipated in such 
small populations (Nei et al. 1975; Sakai et al. 
2001; Roman and Darling 2007; Dlugosch and 
Parker 2008; Geller et al. 2010). Such non-
adaptive microevolutionary genetic changes are 
expected to have biological consequences, 
including inbreeding depression and a reduced 
capacity to adaptively evolve (Sakai et al. 2001). 
Notwithstanding such theoretical predictions, 
many introduced species displaying genetic 
bottlenecks have been extremely successful in 
their new environments (Sax and Brown 2000; 
Tsutsui et al. 2000; Zayed et al. 2007; Smith et 
al. 2012). Simplified theoretical generalizations 
should also be avoided because many invasive 
species do not experience genetic bottlenecks 
during colonization. In a recent review of aquatic 
invasions by Roman and Darling (2007), only 
37% of the studies examined demonstrated 
evidence for a significant loss of genetic 
diversity during colonization. Additionally, some 
invasive populations actually display higher 
levels of genetic diversity in their introduced 
range when compared with populations from the 
native range (e.g. Anolis sagrei Duméril and 
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Bibron, 1837, Kolbe et al. 2004; Undaria 
pinnatifida (Harvey) Suringar, 1873, Voisin et 
al. 2005; Chthamalus proteus Dando and 
Southward, 1980, Zardus and Hadfield 2005). 
Roman (2006) suggested that multiple 
introductions and / or cryptic invasions from 
different source populations may cause the 
genetic diversity of a newly established species 
to increase rapidly. This in turn may enhance the 
ability of such invasive species to persist, and 
even thrive, in novel ecological contexts. 
In recent decades, ascidians (Phylum 
Chordata; Class Ascidiacea) have become 
increasingly ecologically and economically 
problematic, especially following their intro-
duction into new regions (Lambert 2007; 
Valentine et al. 2007). In particular, invasive 
ascidians have become significant biofouling 
organisms for aquaculture and ports worldwide 
(Lambert 2007; Valentine et al. 2007). In recent 
years a number of non-indigenous ascidians have 
been identified in New Zealand including; 
Didemnum vexillum Kott, 2002 (Coffey 2001), 
Styela clava Herdman, 1881 (Davis and Davis 
2006), Eudistoma elongatum (Herdman, 1886) 
(Smith et al. 2007), Pyura praeputialis Heller, 
1878, (Hayward and Morley 2009), and Ciona 
savignyi Herdman, 1882 (Smith et al. 2010). 
These species have generally been first detected 
in major ports on both the North and South 
Islands of New Zealand (e.g. S. clava, C. savi-
gnyi) and are native to Australia (E. elongatum, 
P. praeputialis) or the northwest Pacific ocean 
(D. vexillum, S. clava, C. savignyi). Interesting-
ly, these invasive ascidians generally have 
disjunctive distributions around New Zealand 
consistent with hull fouling on ships and 
recreational boats as the major vectors of 
introduction and spread (Goldstien et al. 2010). 
Morphology-based ascidian taxonomy is a 
highly specialized discipline and the misidenti-
fication of species has been, and remains, a 
significant problem due to a frequent lack of 
diagnostic morphological characters (Lambert 
2009; Geller et al. 2010). Cryptic invasions of 
closely related or morphologically similar 
species often go undetected without the use of 
molecular tools (Caputi et al. 2007; Smith et al. 
2010). In addition to assisting in general 
taxonomy, molecular data also provides a means 
of quantifying genetic diversity (Kolbe et al. 
2004), assisting in identification of source popu-
lations and routes of invasion (Corin et al. 2007; 
Goldstien et al. 2010), detecting population/ 
genetic bottlenecks (Miura 2007), and aiding in 
surveillance and monitoring for invasive species 
(Armstrong and Ball 2005; Bott et al. 2010; 
Darling and Mahon 2011). Molecular 
identification and DNA barcoding methods have 
revealed hidden complexities, even within appa-
rently well-established taxonomic groupings. For 
example, the extensively studied model organism 
Ciona intestinalis (Linnaeus, 1767) has recently 
been found to comprise at least four sibling 
species (Suzuki et al. 2005; Caputi et al. 2007; 
Nydam and Harrison 2007; 2010; Zhan et al. 
2010) each having attained somewhat different 
global distributions in part through anthropo-
genic dispersal (Caputi et al. 2007; Zhan et al. 
2010). Confusion also extends to the Ciona 
genus level with a second species, C. savignyi, 
often morphologically misidentified as C. 
intestinalis (Hoshino and Nishikawa 1985; 
Lambert and Lambert 1998; Smith et al. 2010). 
Recently, a population of C. savignyi, initially 
misidentified as C. intestinalis based on 
morphology, was identified in Nelson, New 
Zealand (NZ) using mitochondrial cytochrome 
oxidase I (COI) sequence data (Smith et al. 
2010). Given the high degree of morphological 
similarity with, and frequent misidentification of 
C. savignyi as, C. intestinalis we speculated that 
C.  savignyi may have been present but 
unreported at other sites around NZ. To 
investigate this possibility we conducted more 
extensive sampling for C. savignyi from NZ 
ports and harbours in combination with sampling 
from three populations within C. savignyi’s 
native range, specifically Japan. We compared 
levels of COI genetic diversity between NZ and 
Japan. In addition, we developed a simple, 
reliable polymerase chain reaction (PCR) based 
assay for discriminating between C. savignyi and 
C. intestinalis DNA samples. This assay is a tool 
for aiding in accurate species identification with 
applications in both biosecurity programmes and 
general Ciona research. 
Methods 
Survey and sampling for Ciona spp.  
In the course of routine biannual surveys of NZ 
ports in August 2010 (a Ministry of Agriculture 
and Forestry, Biosecurity NZ (MAFBNZ) 
coordinated programme) C. savignyi specimens 
were surveyed for by SCUBA divers at nine sites 
around NZ (Figure 1). Sampling effort was 
focused on port habitats where C. savignyi was 
most likely to  be  present, e.g.  wharf  piles  and 
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Figure 1. Survey and sample sites for Ciona savignyi in (A) Japan and (B) New Zealand. Filled circles indicate sites where C. savignyi was 
detected and tissues sampled while the unfilled circles indicate those New Zealand sites where C. savignyi was not found. Numbers of 
samples are given in brackets. Scale bar equals 200 km. 
Table 1. Specimen collection details and genetic diversity measures for each population of Ciona savignyi described in this study. 
Location Approx. coordinates Collection Date 
Number of 
specimens 
Number of 
haplotypes 
% unique 
haplotypes 
Haplotype 
diversity 
(± std. dev.) 
Nucleotide 
diversity 
(± std. dev.) 
NZ: Lyttelton 43°36.2'S, 172°43.0'E August 2010 30 4 50 0.67 (±0.06) 2×10-3 (±2×10-3) 
NZ: Nelson 41°15'32.64''S, 
173°16'55.53''E 
August 2010 26 2 0 0.21 (±0.10) 7×10-4 (±7×10-4) 
NZ: Total   56 4 50 0.51 (±0.07) 2×10-3 (±1×10-3) 
Japan: Mutsu 40°54'02.32''N, 
140°51'26.22''E 
July 2010 9 8 75 0.97 (±0.06) 3×10-3 (±2×10-3) 
Japan: 
Shizugawa 
38°38.4'N, 141°27.2'E July 2010 10 3 67 0.38 (±0.18) 7×10-4 (±1×10-3) 
Japan: Nabeta 34°39'59.45''N, 
138°56'11.53''E 
July 2010 1 1 0 - - 
Japan: Total   20 10 80 0.76 (±0.10) 2×10-3 (±2×10-3) 
TOTAL   76 12    
 
floating pontoons.  Ciona savignyi  was observed 
and collected at two ports, Nelson (n = 26) and 
Lyttleton (n = 30). Ciona savignyi were also 
collected, in July 2010, from three locations 
around Japan’s coast: Mutsu Bay (n = 9), 
Shizugawa Bay (n = 10) and Nabeta Bay (n = 1) 
(Figure 1, Table 1). The sampled animals were 
stored at -20°C in 95% (v/v) ethanol before 
tissue dissections. 
Mitochondrial cytochrome oxidase I (COI) gene 
sequencing 
Genomic DNA was extracted from either siphon 
or gonad tissue samples using i-genomic CTB 
DNA extraction mini kits (Intron, Gyeonggi-do, 
South Korea) following the manufacturer’s 
animal tissue protocol. A 595 base pair (bp) 
section of the COI gene was amplified using COI 
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primers Tun_F (5'-TCGACTAATCATAAA 
GATATTA-3') and Tun_R (5'-AACTTGTAT 
TTAAATTACGATC-3') as des-cribed in 
Stefaniak et al. (2009). PCR amplifications were 
carried out in 50.0 µl reaction volumes 
containing 25.0 µl of i-Taq 2X PCR master mix 
(Intron, Gyeonggi-do, Korea), 0.4 µM of both 
primers and ca. 20 - 180 ng of template DNA. 
Thermocycling conditions consisted of: 95°C, 4 
minutes; 40 cycles of 94°C, 1 minute, 39°C, 1 
minute; 72°C, 90 seconds; 72°C, 10 minutes. 
Amplification products were purified using 
AxyPrep PCR cleanup kits (Axygen, California, 
United States) and sequenced in both the forward 
and reverse directions using the same primers by 
an external contractor (Waikato University DNA 
Sequencing Facility, Hamilton, NZ). Sequence 
chromatograms were visually examined and any 
clear base-calling errors corrected manually. 
Sequences were aligned using the BioEdit 
Sequence Alignment Editor (Hall 1999) and any 
further conflicts resolved by manual inspection. 
Conceptual translations using the ascidian 
mitochondrial genetic code confirmed that all the 
amplified COI sequences were of ascidian origin. 
For haplotypes recovered from a single tissue 
sample, the amplifications were repeated to 
ensure the sequence variation was not due to 
PCR generated replication errors. 
Population genetic analyses 
The C. savignyi specimens were grouped into 
populations (Nelson marina, Lyttelton harbour, 
Shizugawa Bay, Mutsu Bay and Nabeta Bay; 
Figure 1) and large scale geographical regions 
(NZ and Japan) for population genetic analyses. 
For each grouping four measures of genetic 
diversity were calculated using ARLEQUIN 3.01 
(Excoffier et al. 2005): (i) total COI haplotype 
numbers, (ii) percentage of unique haplotypes, 
(iii) haplotype diversity, and (iv) nucleotide 
diversity. Haplotype and nucleotide diversity 
were not calculated for Nabeta Bay as the sample 
size was n = 1. Statistical parsimony cladogram 
networks of the C. savignyi COI haplotypes were 
generated using the software package TCS 1.21 
(Clement et al. 2000). All COI haplotypes were 
translated using the ascidian mitochondrial 
genetic code and any differences in the 
corresponding predicted proteins assessed using 
the BLOSUM 62 substitution matrix with scores 
for all possible exchanges of amino acids to 
measure similarity (Henikoff and Henikoff 
1992). 
PCR-based assay to discriminate Ciona savignyi 
and C. intestinalis  
Primer properties and compatibilities were 
analyzed using the software package Oligo 
Analyzer (Freeware, Teemu Kuulasmaa, 
Finland). The previously published forward 
primer: Tun_F (annealing at coordinates 34 - 53 
of AB079784) was paired with two primers 
designed in this study: a C. savignyi specific 
forward primer Cs_F (5'-GARGAGTAATT 
GATAATGAG-3'; bp 140 - 159 of AB079784) 
and a generic reverse primer Ciona_R (5'-
TAATAAYAWAAAAAAAGMAGGAGG-3'; bp 
328 - 351 of AB079784). Primers Tun_F and 
Ciona_R were predicted to anneal to the COI 
sequences of both Ciona species, yielding PCR 
products of 321 bp for C. savignyi and 315 bp 
for C. intestinalis. In contrast, primer Cs_F was 
predicted to anneal at its 3’ end within the 6 bp 
sequence that is present only in the C. savignyi 
COI sequence, yielding an amplification product 
of 212 bp when paired with Ciona_R. In 
combination the three primers were predicted to 
amplify two products (212 bp and 321 bp) from 
C. savignyi template DNA but only a single 
product (315 bp) from C. intestinalis DNA. 
Assays were performed in 25.0 µl reaction 
volumes containing; 12.5 µl of i-Taq 2X PCR 
master mix (Intron, Gyeonggi-do, Korea), 0.4 
µM of each primer and ca. 20 - 50 ng of template 
DNA. Thermocycling conditions consisted of:  
94°C, 2 minutes; 35 cycles of 94°C, 20 seconds; 
50°C, 10 seconds; 72°C, 30 seconds; 72°C, 5 
minutes. Amplified products were separated by 
electrophoresis through 3.0% (w/v) agarose, 1x 
TAE gels and stained with ethidium bromide for 
visualization. To assess the reliability of the 
assay we applied it to 20 DNA samples whose 
identities had been confirmed using COI 
sequence data (C. savignyi, n=10; C. intestinalis, 
n=10). The C. intestinalis samples were collected 
in NZ and belonged to the C. intestinalis type A 
species grouping (Caputi et al. 2007). For non-
lethal sampling two individuals of both Ciona 
species (morphologically identified) were 
maintained in filtered seawater (15°C) before 
siphon tissue samples were taken. Animals were 
checked every two days for one week post-
sampling to confirm survival and siphon 
regeneration (Sutton 1953). For formalin 
fixation, individuals (n=2 of each Ciona species) 
had been stored in 4% (w/v) formaldehyde / 
filtered seawater for 12 months at ambient 
temperatures.  Gonad tissues were dissected from 
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Figure 2. Statistical parsimony cladogram network of the twelve Ciona savignyi cytochrome oxidase I (COI) haplotypes. Areas of circles 
are proportional to the frequency of each haplotype in the datasets and differing shading indicates the different geographic regions as 
indicated. Asterisks indicate the two haplotypes (Cs5, Cs12) encoding non-synonymous SNPs. 
 
the fixed tissue and genomic DNA extracted 
using i-genomic CTB DNA extraction mini kits 
(Intron) following the manufacturer’s formalin 
fixed tissue protocol. 
Results 
Population genetic analyses using Ciona 
savignyi mitochondrial COI sequences 
Partial mitochondrial COI coding sequences (595 
bp) were amplified from the 76 C. savignyi 
specimens collected in NZ (n = 56) and Japan (n 
= 20) with 12 distinct haplotypes recovered, 
denoted Cs1 – Cs12 (Table 1; GenBank 
accession numbers for COI haplotype Cs1 - Cs12 
sequences are JF19699 through JF19710 
inclusive). The 12 haplotypes contained ten 
single nucleotide polymorphisms (SNPs) with 
two of these, located at nucleotide coordinates 
553 and 626 of AB079784, representing non-
synonymous changes (Figure 2). Haplotype Cs5 
(GenBank accession number JF919703) encodes 
Val209 (amino acid coordinates from NP_786952) 
where all 11 other haplotypes are Ala209. 
Haplotype  Cs12  (GenBank   accession   number 
JF919710) encodes Asn185 (coordinates from 
NP_786952) where the other haplotypes are 
Asp185. Neither of these two differences are 
strongly non-conservative changes as assessed 
using the BLOSUM 62 substitution matrix. No 
missing intermediate haplotypes were apparent 
in the cladogram generated from haplotypes Cs1-
12 suggesting the genetic diversity of the 
C. savignyi COI gene has been well sampled in 
this study (Figure 2). Nonetheless, there are 
potentially additional C. savignyi COI haplo-
types that have not been sampled. 
The percentage of unique COI haplotypes for 
the two country level groupings were: Japan 80% 
(Mutsu Bay 75%, Shizugawa Bay 67%, Nabeta 
Bay 0%) and NZ 50% (Nelson marina 0% and 
Lyttelton harbour 50%; Table 1). Only two 
haplotypes, Cs1 and Cs3, were found in Japan 
and at both NZ locations and these were the only 
haplotypes recovered from the Nelson marina 
(Figure 2, Table 1). Two haplotypes, Cs2 and 
Cs7, were sampled from the Lyttelton population 
but not found amongst either the Japanese or 
Nelson marina samples (Figure 2, Table 1). The 
Japanese samples (all locations combined) 
contained  a total of  ten haplotypes with eight of 
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Figure 3. PCR based assay to discriminate between Ciona savignyi and C. intestinalis. Assays using C. savignyi template DNA generate 
two bands of approximately 0.3 kb and 0.2 kb (lanes 1 – 10) while C. intestinalis template DNA generates a single band of approximately 0.3 
kb (lanes 11 – 20). 
 
these (Cs4 - 6, Cs8 - 12) being unique to this 
sample set (Figure 2, Table 1). Nelson marina 
had the lowest haplotype and nucleotide 
diversity of all the populations while Mutsu Bay 
had the highest (Table 1). Lyttelton harbour and 
Shizugawa Bay had similar levels of both 
haplotype and nucleotide diversity which may be 
due to the small sample size from Shizugawa 
Bay (Table 1). The New Zealand combined 
sample set had lower COI haplotype diversity 
than the Japanese sample set despite the more 
extensive sampling from the NZ populations. 
Overall nucleotide diversity values for NZ and 
Japan were the same (Table 1). 
PCR-based discrimination of Ciona savignyi and 
C. intestinalis  
When aligned with C. intestinalis COI sequences 
all the C. savignyi sequences included six bp of 
additional sequence, corresponding to bases 157 
- 162 of AB079784 and encoding the dipeptide 
E53N54 of the C. savignyi COI conceptual protein 
(GenBank accession number NP_786952). This 
sequence difference was utilized for the 
development of a three-primer PCR assay to 
discriminate C. savignyi and C. intestinalis 
DNA. To assess the reliability of the three 
primer PCR-based assay we applied it to 20 
DNA samples whose identity had been 
confirmed using COI sequence data (C. savignyi, 
n = 10; C. intestinalis, n = 10). As expected, the 
ten C. savignyi DNA samples (Figure 3, lanes 1 - 
10) generated two well resolved bands of ca. 0.3 
and ca. 0.2 kb and all ten C. intestinalis DNA 
samples  (Figure  3,  lanes  11 - 20)  generated  a 
single band of ca. 0.3 kb. In additional trials we 
found that non-lethally sampled siphon tissue 
and formalin-fixed Ciona tissues also yielded 
DNA suitable for this assay (data not shown). 
Discussion 
Historical records indicate that Ciona intestinalis 
has been present in NZ coastal waters for at least 
sixty years (Brewin 1950) while C. savignyi was 
only identified in NZ in 2010 (Smith et al. 2010). 
However, given the close morphological 
similarity between these two Ciona species 
C. savignyi may have been present in NZ for 
some time but misidentified as C. intestinalis 
(Hoshino and Nishikawa 1985). In association 
with the work reported here, nine NZ ports were 
surveyed but C. savignyi, which was specifically 
searched for, was only identified at two sites – 
Nelson marina (i.e. the site of the original 
identification in NZ) and Lyttelton harbour both 
of which are located on NZ’s South Island. In 
addition, re-examination of Ciona spp. 
photographs taken in previous MAFBNZ surveys 
suggest that C. savignyi was established in 
Lyttelton Harbour by March 2008 but was 
misidentified as C. intestinalis at the time 
(C.M.C. Woods, National Institute of Water and 
Atmospheric Research, pers. comm.). The 
apparently highly restricted distribution of 
C. savignyi around NZ’s coast is consistent with 
the interpretation that it has only become 
established in NZ within the past few years. 
Our finding that the two NZ sample sets had 
lower haplotype diversities than the sample sets 
collected from three sites in the Japanese 
archipelago, supports the hypothesis that 
C. savignyi has only recently established in NZ. 
However, as many invasive species actually 
maintain a low level of genetic diversity in 
introduced regions, the time since introduction is 
difficult to estimate from molecular datasets 
(Silva and Smith 2008). The Japanese dataset has 
a high proportion of rare haplotypes, with two 
relatively common haplotypes. In contrast the 
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NZ sample-set was dominated by a single 
common haplotype (Cs1). Such data support an 
interpretation that C. savignyi experienced a 
significant reduction in its genetic diversity 
either proceeding or during its colonization of 
NZ due to the founder effects (Geller et al. 
2010). 
The Lyttelton population displayed higher 
levels of genetic diversity than the Nelson 
population (i.e. four versus two COI haplotypes), 
which could be explained by different 
colonization scenarios. Lyttelton harbour may 
have been the initial point of introduction of 
C. savignyi into NZ and then acted as the source 
for later spread to the Nelson marina. Non-
indigenous marine species often establish first in 
sites of high commercial and recreational 
activity and then subsequently spread to other 
areas (Floerl et al. 2009). This explanation is 
strengthened by the fact that the only two 
haplotypes present in Nelson marina (Cs1 and 
Cs3) are also present in Lyttelton and therefore, 
in this model, colonization of Nelson marina 
would have been associated with further losses 
of genetic diversity. However, this conclusion is 
tentative due to the low number of haplotypes 
found at each location. A somewhat less 
parsimonious possibility is that both the 
Lyttelton harbour and Nelson marina populations 
arose from one or more independent 
introductions. Additionally, there is also the 
possibility that the source of the NZ C. savignyi 
populations is not from Japan directly but 
actually North America where C. savignyi was 
first recorded in the early 1900s (Hoshino and 
Nishikawa 1985; Lambert 2003). A recent study 
on evolutionary relationships among the 
members of the genus Ciona showed relatively 
high COI haplotype diversity (0.752 ± 0.075) in 
C. savignyi populations from California (Nydam 
and Harrison 2007). Unfortunately, the 
sequences generated in this study only slightly 
overlap with the sequences from Nydam and 
Harrison (2007) (ca. 200 bp) and cannot be used 
to determine source populations for NZ. 
Somewhat surprisingly, two of the COI 
haplotypes found in Lyttelton (i.e. Cs2 and Cs7) 
were not recovered from the Japanese samples, 
which may simply reflect the limited sample 
sizes. However, it is noteworthy that there are no 
missing intermediate haplotypes in the 
C. savignyi COI haplotype cladogram suggesting 
that the haplotype diversity has been well 
sampled in this study, although potential 
haplotypes positioned on the outer branches of 
the cladogram may have been missed. Despite 
having higher haplotype diversity, the calculated 
nucleotide diversity in the Japanese sample-set 
was identical to that of NZ. This result probably 
reflects the high proportion of unique and 
divergent haplotypes in Lyttelton harbour despite 
the low total number of haplotypes. More 
extensive sampling of populations within the 
native region of Japan would potentially recover 
the two haplotypes unique to Lyttelton and 
thereby increase the calculated nucleotide 
diversity for Japan. 
By targeting a two codon difference between 
the C. savignyi and C. intestinalis COI barcoding 
gene sequences we developed a simple and 
robust PCR–based method for discriminating 
between these two morphologically similar 
species. While the primers were only assessed on 
DNA template from C. intestinalis type A in this 
study, the primers have been also been 
successfully trialed on C. intestinalis type B 
(L.J. Dishaw, University of South Florida, 
unpub. data). This assay may find application in 
surveys of archival material to confirm previous, 
morphology based taxonomic assignments. In 
addition, as the assay works with genomic DNA 
extracted from small, non-lethal tissue samples it 
may prove useful in experimental settings in 
which a high level of confidence regarding the 
taxonomy of live Ciona specimens is required. 
We recommend DNA sequencing to confirm 
species identification especially during the initial 
stages of assay development. 
In conclusion, C. savignyi was detected at two 
of nine NZ locations surveyed: Nelson marina 
and Lyttelton harbour. The distribution of 
C. savignyi COI haplotypes in NZ suggests a 
possible ‘stepping stone’ invasion process 
(Floerl et al. 2009) with an initial incursion in 
Lyttelton followed by a subsequent spread to 
Nelson. However, this hypothesis cannot be 
definitely confirmed by the dataset. From an 
economic perspective the presence of C. savignyi 
at these two locations is of concern, as 
C. savignyi’s eventual spread to important 
aquaculture areas in the Marlborough Sounds, 
near Nelson, is inevitable (Coutts and Forrest 
2007). Fortunately, where C. savignyi has 
colonized North America its economic impacts 
on aquaculture have been minor (Lambert and 
Lambert 1998) in contrast to C. intestinalis, 
which has been a significant problem (Robinson 
et al. 2005; Locke et al. 2009). Nonetheless, as 
non-native ascidians have caused considerable 
negative economic or ecological impacts in NZ 
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(Coutts and Forrest 2007; Smith et al. 2007; 
Goldstien et al. 2010) it would be prudent for 
NZ’s marine based industries to be cognizant of 
the inevitable spread of C. savignyi, along with 
keeping an awareness that the genetic diversity, 
and possibly associated phenotypic traits, of this 
species may alter with further incursions (Roman 
2006). 
Acknowledgements 
The authors would like to thank staff at the Shizugawa Nature 
Center, Prof. Yasunori Saito at the Shimoda Marine Research 
Center (University of Tsukuba), and Prof. Keiichiro Kyozuka at 
the Asamushi Research Center for Marine Biology (Tohoku 
University) for assistance with sample collection in Japan. The 
authors would like to thank Aaron Pannell (Marlborough Mussel 
Company), and Dr. Chris Woods, Dr. Serena Wilkens and other 
staff from the National Institute of Water and Atmospheric 
Research, New Zealand for sample collection in New Zealand. 
This research was funded by the New Zealand Ministry of 
Science and Innovation, contract C010502. 
References 
Armstrong KF, Ball SL (2005) DNA barcodes for biosecurity: 
invasive species identification. Philosophical Transactions of 
the Royal Society B 360: 1813-1823, http://dx.doi.org/10. 
1098/rstb.2005.1713 
Bott NJ, Ophel-Keller KM, Sierp MT, Herdina, Rowling KP, 
McKay AC, Loo MGK, Tanner JE, Deveney MR (2010) 
Toward routine, DNA-based detection methods for marine 
pests. Biotechnology Advances 28: 706-714, http://dx.doi. 
org/10.1016/j.biotechadv.2010.05.018 
Brewin BI (1950) Ascidians of New Zealand. Part IV. Ascidians 
in the vicinity of Christchurch. Transactions of the Royal 
Society of New Zealand 78: 344-353 
Caputi L, Andreakis N, Mastrototaro F, Cirino P, Vassillo M, 
Sordino P (2007) Cryptic speciation in a model invertebrate 
chordate. Proceedings of the National Academy of Sciences 
104: 9364-9369, http://dx.doi.org/10.1073/pnas.0610158104 
Clement M, Posada D, Crandall KA (2000) TCS: a computer 
program to estimate gene genealogies. Molecular Ecology 9: 
1657-1659, http://dx.doi.org/10.1046/j.1365-294x.2000.01020.x 
Coffey BT (2001) Potentially invasive compound ascidian, 
Whangamata Harbour. Progress Report 1. Brian T. Coffey 
and Associates Limited, p 15 
Corin, SE, Lester PJ, Abbott KL, Ritchie PA (2007) Inferring 
historical introduction pathways with mitochondrial DNA: 
the case of introduced Argentine ants (Linepithema humile) 
into New Zealand. Diversity and Distributions 13: 510-518, 
http://dx.doi.org/10.1111/j.1472-4642.2007.00355.x 
Coutts ADM, Forrest BM (2007) Development and application of 
tools for incursion response: lessons learned from the 
management of the fouling pest Didemnum vexillum. Journal 
of Experimental Marine Biology and Ecology 342: 154-162, 
http://dx.doi.org/10.1016/j.jembe.2006.10.042 
Darling JA, Mahon AR (2011) From molecules to management: 
adopting DNA-based methods for monitoring biological 
invasions in aquatic environments. Environmental Research 
111: 978-988, http://dx.doi.org/10.1016/j.envres.2011.02.001 
Davis M, Davis M (2006) Styela clava (Tunicata: Ascidiacea) a 
new edition to the fauna of New Zealand. Porcupine Marine 
Natural History Society Newsletter 20: 1 
Dlugosch KM, Parker IM (2008) Founding events in species 
invasions: genetic variation, adaptive evolution, and the role 
of multiple introductions. Molecular Ecology 17: 431-449, 
http://dx.doi.org/10.1111/j.1365-294X.2007.03538.x 
Excoffier L, Laval G, Schneider S (2005) Arlequin (version 3.0): 
An integrated software package for population genetics data 
analysis. Evolutionary Bioinformatics 1: 47-50 
Fisher RA (1930) The Genetical Theory of Natural Selection. 
Oxford University Press, Oxford 
Floerl O, Inglis GJ, Dey K, Smith A (2009) The importance of 
transport hubs in stepping-stone invasions. Journal of 
Applied Ecology 46: 37-45, http://dx.doi.org/10.1111/j.1365-
2664.2008.01540.x 
Geller JB, Darling JA, Carlton JT (2010) Genetic perspectives on 
marine biological invasions. Annual Review of Marine 
Science 2: 367-393, http://dx.doi.org/10.1146/annurev.marine. 
010908.163745 
Goldstien SJ, Schiel DR, Gemmell NJ (2010) Regional 
connectivity and coastal expansion: differentiating pre-border 
and post-border vectors for the invasive tunicate Styela clava. 
Molecular Ecology 19: 874-885, http://dx.doi.org/10.1111/j. 
1365-294X.2010.04527.x 
Hall TA (1999) BioEdit: a user-friendly biological sequence 
alignment editor and analysis program for Windows 
95/98/NT. Nucleic Acids Symposium Series 41: 95-98 
Hayward BW, Morley MS (2009) Introduction to New Zealand of 
two sea squirts (Tunicata, Ascidiacea) and their subsequent 
dispersal. Records of the Auckland Museum 46: 5-14 
Henikoff S, Henikoff JG (1992) Amino acid substitution matrices 
from protein blocks. Proceedings of the National Academy of 
Sciences of the United States of America 89: 10915-10919, 
http://dx.doi.org/10.1073/pnas.89.22.10915 
Hoshino ZI, Nishikawa T (1985) Taxonomic studies of Ciona 
intestinalis (L.) and its allies. Publications of the Seto Marine 
Biological Laboratory 30: 61-79 
Kolbe JJ, Glor RE, Schettino LRG, Lara AC, Larson A, Losos JB 
(2004) Genetic variation increases during biological invasion 
by a Cuban lizard. Nature 431: 177-181, http://dx.doi.org/ 
10.1038/nature02807 
Lambert G (2003) New records of ascidians from the NE Pacific: 
a new species of Trididemnum, range extension and 
redescription of Aplidiopsis pannosum (Ritter, 1899) 
including its larva, and several non-indigenous species. 
Zoosystema 25: 665-679 
Lambert G (2007) Invasive sea squirts: a growing global problem. 
Journal of Experimental Marine Biology and Ecology 342: 3-
4, http://dx.doi.org/10.1016/j.jembe.2006.10.009 
Lambert G (2009) Adventures of a sea squirt sleuth: unraveling 
the identity of Didemnum vexillum, a global ascidian invader. 
Aquatic Invasions 4: 5-28, http://dx.doi.org/10.3391/ai. 
2009.4.1.2 
Lambert CC, Lambert G (1998) Non-indigenous ascidians in 
southern California harbors and marinas. Marine Biology 
130: 675-688, http://dx.doi.org/10.1007/s002270050289 
Locke A, Doe KG, Fairchild WL, Jackman PM, Reese EJ (2009) 
Preliminary evaluation of effects of invasive tunicate 
management with acetic acid and calcium hydroxide on non-
target marine organisms in Prince Edward Island, Canada. 
Aquatic Invasions 4: 221-236, http://dx.doi.org/10.3391/ai. 
2009.4.1.23 
Introduction of Ciona savignyi to New Zealand 
313 
Mayr E (1954) Change of genetic environment and evolution. In: 
Huxley J, Hardy AC, Ford EB (eds), Evolution as a Process. 
Allen and Unwin, London, pp 157-180 
MiuraO (2007) Molecular genetic approaches to elucidate the 
ecological and evolutionary issues associated with biological 
invasions. Ecological Research 22: 876-883, http://dx.doi. 
org/10.1007/s11284-007-0389-5 
Nei M, Maruyama T, Chakraborty R (1975) The bottleneck effect 
and genetic variability in populations Evolution 29: 1-10, 
http://dx.doi.org/10.2307/2407137 
Nydam ML, Harrison RG (2007) Genealogical relationships 
within and among shallow-water Ciona species (Ascidiacea). 
Marine Biology 151: 1839-1847, http://dx.doi.org/10.1007/ 
s00227-007-0617-0 
Nydam ML, Harrison RG (2010) Polymorphism and divergence 
within the ascidian genus Ciona. Molecular Phylogenetics 
and Evolution 56: 718-726, http://dx.doi.org/10.1016/j.ympev. 
2010.03.042 
Robinson TB, Griffiths CL, McQuaid CD, Rius M (2005) Marine 
alien species of South Africa — status and impacts. African 
Journal of Marine Sciences 27: 297-306, http://dx.doi.org/10. 
2989/18142320509504088 
Roman J (2006) Diluting the founder effect: cryptic invasions 
expand a marine invader's range. Proceedings of the Royal 
Society of London B: Biological Sciences 273: 2453-2459, 
http://dx.doi.org/10.1098/rspb.2006.3597 
Roman J, Darling JA (2007) Paradox lost: genetic diversity and 
the success of aquatic invasions. Trends in Ecology and 
Evolution 22: 454-464, http://dx.doi.org/10.1016/j.tree.2007. 
07.002 
Sakai AK, Allendorf FW, Holt JS, Lodge DM, Molofsky J, With 
KA, Baughman S, Cabin RJ, Cohen JE, Ellstrand NC, 
McCauley DE, O'Neil P, Parker IM, Thompson JN, Weller 
SG (2001) The population biology of invasive species. 
Annual Review of Ecology and Systematics 32: 305-332, 
http://dx.doi.org/10.1146/annurev.ecolsys.32.081501.114037 
Sax DF, Brown JH (2000) The paradox of invasion. Global 
Ecology and Biogeography 9: 363-371, http://dx.doi.org/ 
10.1046/j.1365-2699.2000.00217.x 
Silva N, Smith WC (2008) Inverse correlation of population 
similarity and introduction date for invasive ascidians. PLoS 
ONE 3:e2552, http://dx.doi.org/10.1371/journal.pone.0002552 
Smith KF, Cahill PL, Fidler AE (2010) First record of the solitary 
ascidian Ciona savignyi Herdman, 1882 in the Southern 
Hemisphere. Aquatic Invasions 5: 363-368, http://dx.doi.org/ 
10.3391/ai.2010.5.4.05 
Smith KF, Stefaniak L, Saito Y, Gemmill CEC, Cary SC, Fidler 
AE (2012) Increased inter-colony fusion rates are associated 
with reduced COI haplotype diversity in an invasive colonial 
ascidian Didemnum vexillum. PLoS ONE 7(1): e30473, 
http://dx.doi.org/10.1371/journal.pone.0030473 
Smith PJ, Page M, Handley SJ, McVeagh SM, Ekins M (2007) 
First record of the Australian ascidian Eudistoma elongatum 
in northern New Zealand. New Zealand Journal of Marine 
and Freshwater Research 41: 347-355, http://dx.doi.org/ 
10.1080/00288330709509924 
Stefaniak L, Lambert G, Gittenberger A, Zhang H, Lin S, 
Whitlatch RB (2009) Genetic conspecificity of the worldwide 
populations of Didemnum vexillum Kott, 2002. Aquatic 
Invasions 4: 29-44, http://dx.doi.org/10.3391/ai.2009.4.1.3 
Sutton MF (1953) The regeneration of the siphons of Ciona 
intestinalis L. The Journal of the Marine Biological 
Association of the United Kingdom 32: 249-268, 
http://dx.doi.org/10.1017/S0025315400011541 
Suzuki M, Nishikawa T, Bird A (2005). Genomic approaches 
reveal unexpected difference within Ciona intestinalis. 
Journal of Molecular Evolution 61: 627-635, http://dx.doi. 
org/10.1007/s00239-005-0009-3 
Tsutsui ND, Suarez AV, Holway DA, Case TJ (2000) Reduced 
genetic variation and the success of an invasive species. 
Proceedings of the National Academy of Sciences of the 
United States of America 97: 5948-5953, http://dx.doi. 
org/10.1073/pnas.100110397 
Valentine PC, Carman MR, Blackwood DS, Heffron EJ (2007) 
Ecological observations on the colonial ascidian Didemnum 
sp. in a New England tide pool habitat. Journal of 
Experimental Marine Biology and Ecology 342: 109-121, 
http://dx.doi.org/10.1016/j.jembe.2006.10.021 
Voisin M, Engel CR, Viard F (2005) Differential shuffling of 
native genetic diversity across introduced regions in a brown 
alga: aquaculture vs. maritime traffic effects. Proceedings of 
the National Academy of Sciences of the United States of 
America 102: 5432-5437, http://dx.doi.org/10.1073/pnas.05 
01754102 
Zardus JD, Hadfield MG (2005) Multiple origins and incursions 
of the Atlantic barnacle Chthamalus proteus in the 
Pacific. Molecular Ecology 14: 3719-3733, http://dx.doi. 
org/10.1111/j.1365-294X.2005.02701.x 
Zayed A, Constantin SA, Packer L (2007) Successful biological 
invasion despite a severe genetic load. PLoS ONE 2: e868, 
http://dx.doi.org/10.1371/journal.pone.0000868 
Zhan A, MacIsaac HJ, Cristescu ME (2010) Invasion genetics of 
the Ciona intestinalis species complex: from regional 
endemism to global homogeneity. Molecular Ecology 19: 
4678-4694, http://dx.doi.org/10.1111/j.1365-294X.2010.04837.x 
 
 
 
 
 
 
 
 
 
 
